Capillary flow through discrete cracks is the main mechanism by which healing agents embedded 15 within cementitious matrices travel to zones of damage to afford the host matrix a healing ability.
INTRODUCTION
Firstly, to characterise the flow properties of the healing agents and establish the applicability of Hagen-Poiseuille (H-P) flow equation, given in Equation (1) substrates were used to observe changes to the contact angle when in contact with a cementitious 165 surface. The HSC cubes were cast 7 days prior to testing.
166
The sessile drop technique, a schematic view of which is given in Figure 4a , was performed using a 167 drop volume of 10μl. The technique was performed 3 times on each substrate. Images of the drops 168 were captured with a Veho Discovery VMS-001 microscope, an example of which is given in Figure   169 4b. Imaging techniques developed by Stalder et al. (2006) were used to obtain the drop profile and 170 contact angles on either side of the drop, as indicated in Figure 4c , which were then used to provide 171 an average contact angle for the drop. The contact angle reported for each substrate was taken as the 172 average contact angle of the 3 drops on that substrate and is reported in Table 5 along with the 173 coefficients of variation (COV%).
175
For all fluids analysed, the contact angle is greater for the HSC surfaces than the glass surface. This increased pinning force (Momber 2002) . It is also clear that the contact angles are slightly greater for more continuous fluid phase around the droplet increases the pinning perimeter, although the latter 184 would have to be verified with further investigation.
186
Although higher contact angles are reported on HSC substrates than on glass for all the healing 187 agents considered, the magnitude of the difference between the contact angles varies, indicating the 188 presence of an additional interaction between the healing agent and the substrate. The curing time of 189 a thin cyanoacrylate film on a borosilicate glass plate was reported by the Cambridge Polymer Group
190
(2004) to be 5 minutes with 80% curing observed in the first 2 minutes. It is therefore suggested in the 191 current study that the increased alkalinity and presence of moisture on the surface of the HSC, even 192 in the unsaturated state, will increase this curing rate such that immediate curing of the drop at the 193 adhesive/surface interface effectively pins the drop in place preventing further wetting of the surface.
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The theory related to the displacement of the free surface, previously presented by Gardner et al. (Gardner et al. 2012; Gardner et al. 2014) , is summarised below. Here, an amendment is made to the 231 KHP term to account for the rectangular central channel, and to the solution to the governing 232 differential equation to allow for instances when the discriminant of the associated characteristic 233 equation has positive roots.
230

235
The moment balance inside the viscometer is given by equation (2), in which ui is the flow velocity of 236 the fluid in channel i (i designating the flexible tube or channel in the mortar), and the superior dot 237 denotes the time derivative. Li is the length of channel i (m); hi is the height of the healing agent above 238 the centre line of the horizontal portion of channel i (m); Ai is the area of channel i (m 2 ); ri is the radius 239 of channel i (m); dc is the depth of the rectangular concrete channel (m); ρ is the healing agent density 240 (kg/m 3 ) and µ is the dynamic viscosity (Ns/m 2 ).
242
Mass continuity of the fluid implies that
243
Applying these conditions in equation (2) and rearranging gives the governing differential equation
Similarly, a solution to equation (3) is given in equation (6) for the case when the discriminant of the 254 associated characteristic equation has complex roots;
The initial conditions used in the solution to derive (5) and (6) 
339
As discussed previously, slow propagation of cracks and hence continued exposure of PC20 to the 340 cementitious environment has the potential to significantly retard the capillary rise response. Indeed, 341 the simulations of capillary rise confirm that PC20 exposed to the cementitious matrix for 1800 342 seconds takes 17 times longer (326.7 seconds as opposed to 18.5 seconds) to reach the equilibrium 343 capillary rise height compared to PC20 exposed for only 20 seconds. Moreover, during the capillary 344 rise, further increases in PC20 viscosity will occur upon additional exposure to the cementitious 345 environment, which, according to the results may impede capillary flow to the point that the full 346 equilibrium rise height is never realised. What is shown in this paper is therefore an upper limit of Composites Embedded with Organic Microcapsules." Mater., 6(9), 4064-4081.
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